INEL-96/0310

May 1997

Preliminary Cost Estimates for
Building, Operating, and Closing a
Low-Level Radioactive Waste
Disposal Facility in the State of
New Jersey

Karl L. Sorman
Paul R. Smith

Prepared for the New Jersey Low-Level
Radioactive Waste Disposal Facility Siting Board



INEL-96/0310

Preliminary Cost Estimates for Building, Operating,
and Closing a Low-Level Radioactive Waste Disposal
Facility in the State of New Jersey

Karl L. Sorman
Paul R. Smith

Published May 1997

Idaho National Engineering Laboratory
National Low-Level Waste Management Program
Lockheed Martin Idaho Technologies Company
Idaho Falls, Idaho 83415

Prepared for the
U.S. Department of Energy
Office of Environmental Management
Under DOE Idaho Operations Office
Contract DE-AC07-941D13223



EXECUTIVE SUMMARY

This report presents planning life-cycle cost (PLCC) estimates for a feasibility design for a low-
level radioactive waste (LLRW) disposal facility for the State of New Jersey. It is based on a cost
estimate prepared in 1994 for Massachusetts that drew heavily from the preliminary feasibility design for
the Illinois Low-Level Radioactive Waste Disposal Facility for the Central Midwest Compact (the States
of Illinois and Kentucky).

Because of the broad-based nature of PLCC estimates, the report is intended for use as a general
decision-making tool for evaluating one of the several complex factors that must be examined when
deciding between various LLRW disposal options relative cost. It should be remembered that the
assumptions underlying these analyses will change as the New Jersey Low-Level Radioactive Waste
Disposal Facility Siting Board (Board) decides more specifically how it will manage New Jersey's waste
and what the actual characteristics of the disposal facility will be. Therefore, the results of this study are
not absolute and should only be used to compare the relative costs of the options presented.

In addition to the costs presented in this report, there are a number of additional charges that must
be examined, such as liability funds, finance charges, compact/state/county/city taxes or surcharges, and
business taxes. In addition, facility operators have historically collected surcharges based on such waste
characteristics as weight, radionuclide content, and exposure rate. While these additional charges can be
substantial, most are independent of the estimates presented in this report and, therefore, do not
appreciably affect the relative nature of these costs. It should be noted that no present-value analysis has
been performed on the PLCC estimates. All costs presented in this report are in 1996 dollars.

PLCC estimates for two sizes of in-state disposal facilities were evaluated (small 1 million cubic
feet, and large 3 million cubic feet) to provide upper and lower bounds for the costs of the four life-
cycle phases of such a facility. The four phases are: (1) preoperations, including land acquisition, site
selection and characterization, and initial capital improvements; (2) operations, including annual
utilities, materials and labor costs; (3) closure, including decommissioning of the facility and completion
of the final cover over the disposal vaults; and (4) post-closure, including institutional care and
monitoring. The PLCC estimates assume the facility would have a 50-year operating life, a 5-year
closure period, and a 300-year post-closure/institutional control period. Waste would be accepted from
utilities, academia, medicine, government and industry sources.

Two sensitivity analyses were performed. In the first, the operating period was shortened from 50
years to 30 years and the volume was set to approximate what is expected at that time. This reduced total
costs by $121M and $147M for the small and large facilities, respectively, while unit costs remained
essentially constant. The decrease in total costs is adirect result of shortening the operating period from
50 to 30 years. However, unit costs remained nearly the same because total costs decreased about the
same percentage as the disposal volumes.

In the second sensitivity analysis, the annual operating period was lengthened from 3 months to
12 months. This increased both total costs by $192M and $413M and unit costs by $191 and $138 for
the small and large facilities, respectively. In this case both the total costs and unit costs increased by
35% and 40% for the small and large facilities, respectively, because the volume remained constant while
the total costs (caused primarily by increases in operating costs) increased.



Table ES-1. Cost summary for waste disposal facilities (thousands of dollars)?

Small Large
30-Year Base 12-Month 30-Year Base 12-Month
Preoperations $87,704  $83,610 $83,610 $121,270 112,535 112,535
Operations 278,460 404,850 596,400 683,880 842,750 1,255,900
Closure 15,670 13,930 13,930 29,866 26,689 26,689
Post-closure 39,375 39,375 39,375 39,375 39,375 39,375
Total cost 421,209 541,765 733,315 874,391 1,021,349 1,434,499
Dollars per cubic 562 542 733 324 340 478
foot
a. Costs are presented in thousands of dollars except those shown on a per cubic foot basis.
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Figure ES-1. Total costs and unit costs for small and large facility options.
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Preliminary Cost Estimates for Building, Operating,
and Closing a Low-Level Radioactive Waste Disposal
Facility in the State of New Jersey

1. INTRODUCTION

1.1 Background

The New Jersey Low-Level Radioactive Waste Disposal Facility Siting Board (the Board) is
charged by state and Federal law to manage all low-evel radioactive waste (LLRW) generated within
New Jersey. LLRW is generated in the state by various utility, academic, health care, commercial, and
government users of radioactive materials. In connection with the above charge, the Board must decide
how to site a LLRW disposal facility.

Current out-of-state disposal options for New Jersey LLRW are very limited and uncertain. The
only two facilities that accept LLRW nationally are located at Barnwell, South Carolina, and Clive, Utah.
Availability of the South Carolina facility is dependent upon the vagaries of state politics, and licensing
restrictions limit the Utah facility to primarily large volume and low activity waste.

Additional options for managing LLRW out-of-state may be available in the future. These options
may include contracts with individual states, or with a group of states (known as a "compact™) bound
together for the purpose of regional LLRW disposal. Currently, all states and compact regions, except
South Carolina and Utah, that have or that are developing disposal capabilities have either adopted
explicit statutory prohibitions or have communicated an unwillingness to accept LLRW from outside
their state or compact.

Accordingly, the Board has asked the National Low-Level Waste Management Program of the
U.S. Department of Energy to develop a report that estimates the costs of various in-state disposal
options.

1.2 Purpose

The purpose of this report is to develop the planning life-cycle cost (PLCC) estimates for two sizes
of in-state LLRW disposal facilities (small and large). The PLCC estimates for all capital and operating
costs expected during the life of the facility are based on a cost estimate prepared in 1994 for
Massachusetts' that drew heavily from the preliminary feasibility design for the Illinois Low-Level
Radioactive Waste Disposal Facility (ILLRWDF)?

For this study, it has been assumed thatall costs, irrespective of when they occur, must be paid
from revenues collected during the operation period. Revenues from this period are assumed to pay for
all accrued preoperation costs and all future closure and post-closure costs. No attempt was made to
determine how preoperation costs other than the construction costs might be financed. In addition,
interest on funds set aside during operations to pay for closure and post-closure costs are not included.
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It is intended that this report be used as a broad decision-making tool for evaluating one of the
several complex factors that must be examined when deciding between various LLRW disposal
options relative costs The underlying assumptions of these analyses will change as the Board decides
more specifically how it will manage New Jersey's waste and what the actual characteristics of the
disposal facility will be. Therefore, the results of this study are not absolute and should only be used to
compare the relative costs of the options presented.

1.3 Report Organization

This report is divided into seven sections. Section 1 presents the background and purpose.
Section 2 lists the facility design assumptions and contains descriptions of the buildings and structures
that comprise the waste disposal complex. Section 3 details the PLCC estimates of each component of
the four lifecycle phases of the disposal facility. Section 4 contains a discussion of the sensitivity
analysis. Section 5 summarizes the findings. Section 6 lists the references. The detailed cost estimate
tables for the sensitivity analysis are contained in Appendix A.



2. FACILITY DESCRIPTION

2.1 Design Basis

The facility cost estimates are based on the following assumptions:

Facilities are sized for 1,000,000 (small), and 3,000,000 (large) cubic feet of waste. Waste is
expected to be 95% Class A, 3% Class B, and 2% Class C.

Class A waste will be disposed of separately from Class B and Class C waste.
Minimum land allowances for the facilities are 100 acres, which includes a buffer zone.

The preoperational phase includes construction of support buildings and disposal vaults (1
vault for the small facility and 2 vaults for the large facility).

Average operational activities include construction of .54 vaults/year for a small facility, and
1.62 vaults/year for a large facility.

The disposal facility will operate 8 hours/day, 5 days/week, 90 days/year, with monitoring,
maintenance, and security staff continuing year-round.

Waste is received in approved shipping containers, placed into concrete overpacks, and
grouted.

The concrete overpacks are 5 ft square and 7 ft high, and the walls are 0.5 ft thick.
The facility operates and accepts waste for 50 years.

The closure period is 5 years.

The institutional control period is 300 years.

The facility shall meet the requirements of 10 CFR 61.

Each vault is a structurally separate unit with outside dimensions of 93 by 62 by 26 ft. The
vaults will have 2.5-ft-thick concrete walls, floor, and roof.

Vaults will be backfilled with dry granular material after placement of the waste overpacks.
An engineered, earthen cap will be placed over the vaults.

Operator profit is 30%.

Contingency is applied at 25% for each life cycle phase of the project.

It is unlikely that a present-value analysis of the costs would significantly affect the relative
nature of the costs presented.



The same level of monitoring is used for all options.

2.2 Facility Design Description

The feasibility LLRW disposal facility is comprised of two major components: support facilities
and a disposal area. The layout for the disposal facility is shown in Figure 1.

Support facilities include the administration building, receiving facilities, and the waste
overpacking building. These areas will be used for site management, maintenance, and to prepare waste
for disposal. Most of the buildings will be demolished during the closure period, after the facility stops
accepting waste.

Earth-covered, above-grade concrete vaults are used as the basis for estimating the cost of LLRW
disposal. Disposal vaults are comprised of parallel rows of enclosed, reinforced concrete, rooms (vaults)
93 by 62 feet wide and 26 feet high. LLRW disposal in above-grade engineered vaults will provide at
least four engineered barriers to isolate the waste. These barriers are the waste form, concrete overpacks,
the vault system, and the earthen covers. The disposal vaults are monitored for potential waste
migration.

Waste will be transported to the facility in approved containers, such as 55-gallon drums, large
cylinders, and fiberglass and metal boxes, and received at the site access building, where it is inspected
and compared to the waste acceptance criteria. After it is accepted, the waste containers will be
transported to the waste overpacking building where they are placed into concrete overpacks and filled
with a cement/sand grout mixture. After the grout has cured, the overpacks are surveyed, labeled, and
transported to a disposal vault. Once adisposal vault is filled with overpacks, any remaining void space
is filled with sand and the vault is sealed shut. Delivery vehicles will be prepared for departure at the
truck inspection and washout area.

The list of assumptions and the description of the above-grade disposal system used in these PLCC
estimates are based on the disposal concepts developed by Illinois for the ILLRWDF. These estimates
are to be used for planning-evel analyses and to compare the relative costs of the options described in
this study. This model and the results of these analyses do not represent a preferred disposal system that
may be developed by the State of New Jersey, either now or inthe future.

2.2.1 Site Development

Site development is comprised of the fundamental site preparation and infrastructure construction
necessary for disposal operations. This includes site grubbing and grading, installation of a storm water
retention and treatment basin, development of a borrow/materials storage site, power services, sewage
and potable water service, emergency services, fire/water systems, communications, fencing, and site
access.

2.2.2 Administration Facility

The administration building includes offices, a reception area, multi-use rooms, a computer center,
a records vault, restrooms, lunchroorms, a storage area, and a mechanical and electrical equipment area.
A fire alarm system is included in the cost estimate for the administration building.



2.2.3 Receiving Facilities

The receiving facilities include the site access building, the maintenance and warehouse building,
and the electrical distribution and control center. The site access building is the control point for all
personnel and vehicles entering or leaving the disposal area. The building is comprised of aguard
station, a lunchroom, a driver's lounge, and a communications support area.



Figure 1. Detailed disposal facility layout.



The maintenance and warehouse building contains areas for equipment maintenance; storage of site
equipment and supplies; constructing temporary shielding supports, special test fixtures, and other site-
related items; the environmental health physics laboratory with its dedicated air system and shielded
concrete walls; and shipment inspection and truck wash areas.

All incoming waste shipments are taken from the site access building to the maintenance and
warehouse building where they are given a thorough physical examination in the truck inspection area.
Examinations may include visual inspection, manifest checks, radiological surveys, etc.

2.2.4 Waste Overpacking Building

The waste overpacking building is separate from the receiving facilities. It includes all equipment
and tools for the unloading and staging areas, inspection operations, grout plant, overpack storage, and
waste overpacking area.

Waste shipments are unloaded in the truck bay area by an overhead bridge crane. The truck bay has
a sloped concrete floor for positive drainage and epoxy-coated walls to facilitate decontamination, if
necessary. The waste containers are placed into concrete overpacks that are filled and sealed with grout.
Once the grout has cured, the overpacks are delivered to the disposal vaults.

Cement for the grout is stored in a silo equipped with a pneumatic delivery pump. Sand is stored in
a silo with appropriate discharge equipment. Grout is mixed and pumped to the overpacking area.

2.2.5 Individual Disposal Vaults

Each disposal vault is side-loaded and consists of a floor, roof, and three walls that are constructed
of 2.5-ft thick, cast-in-place concrete. The disposal vaults are grouped together in two parallel rows. A
30-ft wide access aisle separates the two parallel rows of vaults. The waste overpacks are transported
from the waste overpacking building and placed in an open disposal vault viathe access aisle. Each vault
contains 3 layers of overpacks that are 11 overpacks wide and 17 rows deep. Once a vault isfilled, it is
backfilled with dry sand, and a 2.5-ft-thick reinforced-concrete wall is erected to seal the vault. Primary
monitoring and leak detection systems will be installed during construction. The monitoring network
may include fixed ports or remote monitoring points that can be accessed from locations outside the
disposal vault. An oblique view of a disposal vault is shown in Figure 2.

2.2.6 Site Closure and Post-Closure

As the vaults are filled with overpacks and backfilled with sand, the vault system is covered by an
engineered cap composed of layers of sand, clay, cobbles, and topsoil. At the end of the 50-year
operations period, the site is decommissioned and transferred to the state. This is expected to take 5
years. Decommissioning includes updating the performance assessment based on the inventory of
disposed radionuclides, the removal of structures not essential for long-term disposal, regrading the site,
reestablishing site vegetation, and restricting public access and maintaining site security.

For this analysis, it is assumed that the state will maintain control of the site for 300 years. Itis
anticipated that the institutional care period will be used primarily to maintain site security, continue site
monitoring, and perform limited site remediation and maintenance. The total time commitment for the
operation, closure and post-closure of the LLRW disposal facility is 355 years.






Figure 2. Oblique view of an earth-mounded disposal vault.



3. FACILITY COST ESTIMATES

This section discusses the estimating procedure and the cost estimate summary of the work shown
in Table 1. Total costs for the small facility are about $542 million, and about $1,021 million for the
large facility. The costs assume that the New Jersey program can benefit from the experience gained by
other programs. Conversely, experience by opponents in challenging LLRW disposal siting programs
could increase litigation costs beyond that anticipated by this study.

Construction, operation, and closure cost estimates are derived froma cost estimate prepared in
1994 for Massachusetts' that drew heavily from the preliminary feasibility design study of the
ILLRWDF.2 All costs in this report are expressed in fourth quarter 1996 dollars and were determined in
the following manner. First, ascaling factor was determined for scaling each cost for the required
facility sizes by using the "6/10rule. ** (The 6/10 rule is a common tool for estimating the cost of
machinery, equipment, buildings, or other capital improvements.) Second, these factors were escalated
by 3% per year from the Massachusetts 1994 estimates to fourth quarter 1996 dollars. And third, the
escalated scaling factor was adjusted by a dimensionless number for construction cost differences
between Massachusetts and New Jersey using the 1996 Means Cost index* where Massachusetts =
107.44 and New Jersey = 111.00.

A contingency of 25% is included inall cost factors other than allowances for community benefits.
This contingency is intended to allow for the multitude of uncertainties associated with the assumptions
underlying the estimates represented in Table 1. Forexample, further analysis might show that it would
be better to have the access aisle between the rows of disposal vaults 25 feet wide instead of 30 feet, or
the disposal vault walls 3 feet thick instead of 2.5 feet. Such uncertainties decrease as projects approach
the final stages of review and design, and the associated cost estimates become more precise.

This report does not include a present-value analysis of the anticipated costs, primarily for three
reasons. First, it is fairly clear that as long as the underlying assumptions and timing of the costs remain
unchanged, the relative nature of the costs reported will not change appreciably. Second, the cost studies
used as the basis for this report did not provide sufficient information to determine how the costs would
be spread over time. Third, the time allotted for development of this report prohibited the development
of the assumptions and information needed for such an analysis.

A present-value analysis would generally reduce the costs presented in this report. Such an analysis
would take into account many factors including the timing of specific costs, the effects of inflation, the
accrual of interest on monies set aside during operations for closure and post-closure costs, and the
effects of year-to-year volume fluctuations. The primary value of present-value analyses is to determine
how costs vary based on their timing and how they are financed. Because such assumptions would be
applied uniformly to all the options discussed in this report, it is unlikely that such analyses would
significantly affect the relative nature of the costs presented.

a. Sometimes referred to as the 0.6-power factor model, the 6/10 Rule was first applied in 1947 to equipment cost estimates
and in 1950 to plant costs. This rule allows ballpark estimates of new plant costs based on the known cost for a particular type
plant and the ratio of the capacities of the known and proposed plants raised to the exponent R. This is expressed mathematically
as: C,=C,"(S,/S,)R. Traditionally, when a specific value of R is not known, 0.6 is often used.
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Table 1. Cost estimate summary.

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
1.0 Preoperation
1.1 Land Acquisition 1,000 1,000
1.2 Project Management
1.2.1 Labor 4,491 4,491
1.2.2  Supplies 210 210
1.3  Site Selection/Characterization
1.3.1 Site Selection/Precharacterization 1,200 1,200
1.3.2  Public Involvement 5,000 5,000
1.3.3 Characterization 10,000 10,000
1.3.4 Litigation 1,123 1,123
1.3.5 Baseline Monitoring 1,693 1,693
1.4  Licensing/NEPA
1.4.1 Source Term 281 281
1.4.2 Analysis/Documentation 9,405 9,405
1.5  Engineering Design 5,052 5,052
1.6  Community Benefits 500 500
1.7  Contingency (Items 1.1 to 15) 9,864 9,864
(Subtotal Items 1.1 to 1.7) 49,819 49,819
1.8  Facility Construction
1.8.1 Administration 1,202 2,170
1.8.2 Front End/Receiving 1,542 2,978
1.8.3 Waste Packaging 1,885 3,836
1.8.4 Disposal Units 1,781 3,562
1.8.5 Site Development 5,384 9,343
1.8.6  Contractor Overhead Fee and Profit 3,538 6,567
1.9  Construction Management 3,066 5,691
1.10 Finance Charge 8,635 16,026
1.11 Contingency (Items 1.8 to 1.10) 6,758 12,543
(Subtotal Items 1.8 to 1.11) 33,791 62,716
Total Preoperation Costs 83,610 112,535
2.0 Operation
2.1 Annual Operation Costs
2.1.1 Vault Construction 962 2,885
2.1.2 Administration 417 816
2.1.3 Operations 369 879
2.1.4 Maintenance 84 196
2.1.5 Environmental Monitoring 220 220
2.1.6  Utilities/Materials 1,664 4,039
(Subtotal Items 2.1.1to 2.1.6) 3,716 9,035
2.2 Operator's Profit 1,115 2,711
2.3  Contingency (ltems 2.1 and 2.2) 1,208 2,936
2.4 Community Benefits 2,000 2,000
2.5  Post-Closure Community Benefit Investment 58 173
(Subtotal Annual Operation Costs Items 2.1 to 2.5) 8,097 16,855
Total 50-Year O peration Costs 404,850 842,750
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Table 1. (continued).

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
3.0 Closure

3.1  Cover Emplacement 539 1,197

3.2 Decontamination and Demolition
3.2.1 Administration 361 651
3.2.2 Front-End Receiving 771 1,489
3.2.3 Waste Packaging 943 1,918
3.3 Administration 4,170 8,160
3.4  Operations 92 220
3.5 Environmental Monitoring 1,100 1,100
3.6 Supplies/Utilities 596 1,689
3.7  Operator s Profit 2,572 4,927
3.8  Contingency (Items 3.1 to 3.7) 2,786 5,338
Total Closure Costs 13,930 26,689

4.0 Post-Closure

4.1  Environmental Monitoring 18,000 18,000
4.2  Site Remediation 6,000 6,000
4.3  Security 7,500 7,500
4.4  Contingency (Items 4.1 to 4.3) 7,875 7,875
Total Post-Closure Costs 39,375 39,375
TOTAL FACILITY COSTS (Items 1.0 to 4.0) 541,765 1,021,349
UNIT COSTS ($/cu ft) 542 340

3.1 Preoperation Costs

The preoperational costs are listed by item in the cost summary, Table 1. These include costs for
site selection, land acquisition, project/construction management, site characterization, licensing,
engineering design, site improvements before construction, utility installations, and initial construction.

3.1.1 Land Acquisition

The cost of land acquisition assumes a land purchase price of approximately $1,000,000. The
actual cost of the land may vary depending upon location, prevailing market conditions, and community
acceptability. This cost does not include legal fees or community incentives.
3.1.2 Project Management

This cost item includes both labor and supplies, and assumes that the Board will be the overall

program manager. The costs include contractor management, labor, supplies, program plan development,
Federally-mandated quality assurance (QA) plan development and implementation, QA consultant costs,
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and records management system development costs and implementation. QA plans fromdisposal
facilities in other states are assumed to be available as models.

3.1.3 Site Selection and Characterization

Site selection, precharacterization, characterization, public involvement, litigation, and baseline
monitoring are covered under this cost item. The costs include developing site selection plans, and
technical support for public review and participation. The characterization process will use other states
plans and experience. These costs include $1,200,000 for precharacterization of up to three potential
sites.

Full site characterization is assumed for one candidate site at a cost of $10,000,000. Site
characterization also includes local community partnership, onsite data collection and baseline
monitoring, and documentation of the technical and sociological results.

The public involvement cost elements include comprehensive public involvement and development
of a community benefits package, information documents, the local participation program, meeting and
hearing support, and consultant/contractor support.

Litigation costs are assumed to include contract development, request for proposal, and
adjudicating legal chal lenges to the siting program.

Baseline monitoring activities include the gathering of environmental data of the surrounding area
in addition to the data collected for the basic site characterization. Thisadditional information is
necessary for the proposed disposal facility because it establishes a foundation for the future assessment
of potential impacts upon the environment.

3.1.4 Licensing/NEPA

The licensing and National Environmental Policy Act (NEPA) costs are for analysis,
documentation, and source term study. These activities build upon the results of previous work from the
site selection, characterization, and community involvement efforts. They fulfill the necessary regulatory
requirements to ensure the disposal facility’s safety.

Source term analyses include an inventory, identification of the characteristics, and projections of
the total quantities of waste during the operational life of the facility. The projections include volume
estimates of routine and nonroutine waste, and waste from the decommissioning of major nuclear
facilities. The source term analyses documentation will be updated at least once during the site selection
process. The information will be used for sizing, site selection, disposal facility design, performance
assessment, licensing, and development of a disposal fee schedule.

Analysis and documentation includes the cost of all licensing activities and the preparation of all
associated documentation except for the source term analysis. It is assumed that this analysis and
documentation will demonstrate fulfillment of the final site selection, facility design, and licensing
requirements.
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3.1.5 Engineering Design

Engineering design combines elements of the source term analysis, the performance assessment,
and the site selection and characterization activities to develop the disposal system. This involves
disposal method selection, development of a facility operations plan, preliminary design studies,
geotechnical studies for foundation placement, and final design.

3.1.6 Community Benefits

During site characterization, the potential host community will receive $500,000 to be used as it
sees fit.

3.1.7 Facility Construction

Facility construction includes all elements necessary to start up the disposal facility: site
preparation; utility installations; administration and waste support buildings; and the initial disposal
vaults. A cost factor of 30% for contractor overhead and profit is applied as an indirect cost to all
construction and material costs.

3.1.8 Construction Management

Construction management isa 20% assessment on the cost of constructing the startup facilities.
This includes site preparation, support buildings, and the initial disposal vaults.

3.1.9 Finance Charge

It is assumed that the operator of the disposal facility will finance all facility construction and
management costs over a 5-year period at 8% interest.

3.1.10 Contingency
A contingency of 25% is included on all cost factors (other than allowances for community benefits

and the finance charge) to take into account the uncertainty of the underlying assumptions used in
preparing these cost estimates.

3.2 Operation Costs
Operation costs include expenses for labor, utilities, materials, vault construction, site maintenance,
and environmental monitoring over the 50-year operating life of the facility. Also included are the costs

for startup, equipment replacement, and supply purchases during operations. Operation cost estimates
for capital expenditures are factored in the same manner as the facility s startup construction costs.
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3.2.1 Vault Construction
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Vault construction will be ongoing during facility operations at a rate appropriate to the amount of
waste received. Labor and material costs are based on the ILLRWDF and assumes that during the next
49 years 27 vaults will be built for a small facility and that 80 vaults will be built for the large facility.

3.2.2 Administration

A major portion of the administration costs during operation is for personnel and are derived from
the work force estimates for the ILLRWDF. The labor costs for vault construction are part of the annual
capital cost estimates and are not calculated with the administration labor costs.

3.2.3 Operations

The operations cost estimate is for operating labor, labor materials, and waste processing supplies.
The New Jersey estimates are based on the assumption that the operating life of the facility is 50 years.
A single shift per day is assumed for three months per year. Only security, environmental monitoring
and facility maintenance are assumed to be needed year-round.

3.2.4 Maintenance

The maintenance cost estimate includes the maintenance materials and maintenance labor costs
based on the unit operations for each job.

3.2.5 Environmental Monitoring

Constant site environmental monitoring during the operation period comprises the majority of
monitoring costs. Since the number of monitoring points are site-specific and cannot be determined at
this time, the monitoring costs are based on the annual expenditures expected for the ILLRWDF.
Depending on the media and analyte, environmental monitoring is performed daily, monthly, quarterly,
and annually. Monitoring includes radiological tests in soil, air, plants, animals, groundwater, and
surface water. The monitoring program will be designed to satisfy regulations within the conditions of
the facility license and terms of the operating contract; provide early warning of the magnitude and
extent of radionuclide migration; and provide reliable environmental data throughout the development,
operation, closure, post-closure and institutional control periods. The same level of monitoring is
assumed for all options.

3.2.6 Utilities/Materials

The majority of material costs incurred are for the concrete overpacks, sand/cement grout for filling
voids in the overpacks, sand backfill for the vaults, and personal protective equipment. Utilities include
fuel, lighting, and water.

3.2.7 Operator's Profit

Profit for operating the facility is based on the total annual operation costs, which excludes the
contingencies, and includes annual capital improvements, operations, maintenance, salaries, and
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materials. A 30% profit approximates the amount allowed by the Washington State Public Utilities
Commission for U.S. Ecology, Inc., to operate the LLRW disposal facility there, and is used in this
report. The profits are costs that will not be incurred by the state or the operator, but will be paid by the
waste generator as a part of the unit disposal rate.

3.2.8 Contingency

A contingency of 25% is included on all cost factors (other than allowances for community berefits
and the post-closure community benefit investment) to take into account the uncertainty of the underlying
assumptions used in preparing these cost estimates.

3.2.9 Community Benefits

It was assumed that annual payments of $2,000,000 would be paid to the community that hosts the
disposal facility during the operating period, to be used as it sees fit.

3.2.10 Post-Closure Community Benefit Investment

To provide annual payments to the host community in perpetuity, it is assumed that an escrow
account is established such that the interest on the principal will provide an annual payment equal to ten
times the annual disposal volume of the site. The account would be funded by monthly payments and is
assumed to accrue at 3% above inflation.

3.3 Closure Costs

Closure activities and transfer to New Jersey will be performed during the 5-year period after the
facility stops accepting waste in preparation for turning the site over to the state for post-closure care.
Costs vary according to the size of the facility and include updating the performance assessment based on
the inventory of disposed radionuclides, placing the final cover on the disposal area, removing structures
not essential for long-term disposal, regrading the site, reestablishing site vegetation, restricting public
access, maintaining site security, and the attendant utility materials and labor costs.

Decontamination and decommissioning costs for the nonessential facilities are assumed to be 50%
of the pre-operation construction costs, except for the administration building. Its cost is assumed to be
only 30% of the construction costs because no decontamination is expected. The operating period
environmental monitoring plan continues unchanged during the closure period and, therefore, its annual
cost remains the same. Supplies and utilities, howewer, are scaled back based on reduced labor,
equipment, and facility requirements. The 30% contractor profit is continued during the closure period.

3.4 Post-Closure Costs

For this analysis, it is assumed that the state will maintain control of the site for 300 years. It is
anticipated that the institutional care period will only require a small staff, primarily to maintain site
security, continue site monitoring, and perform limited site remediation and maintenance. The total time
commitment for the operation, closure, and post-closure of the LLRW disposal facility is 355 years.
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3.5 Community Benefits

Generally, community benefits are used to provide an incentive for a community to host a disposal
facility. For the purposes of this report, it was assumed $500,000 is paid during the preoperations period,
and annual payments of $2,000,000 would be paid during the operating period. The total community
benefits paid through the end of operations would be $100,500,000.

It was decided that an ongoing annual payment should be made to the community in perpetuity.
This amount was assumed to be ten times the average annual disposal volume at the site. Therefore, the
small facility would provide $200,000 per year and the large facility would provide $600,000 per year in
perpetuity. These payments would be funded by monthly payments to an escrow account during the 50-
year operating period. Itwas assumed that the fund s capital would be preserved and payments would be
made from the interest onthe fund. It was further assumed that this fund would accrue at an average rate
of 3% return above inflation. Table 2 provides a summary of the benefits offered to host communities.

Table 2. New Jersey community benefits and compensation.

Item Amount Duration Total Amount
Community Be nefits $500,000 One Time During Preoperations $500,000
Annual Payments $2,000,000 50 years During Operations $100,000,000
Total Community B enefits Through Operations $100,500,000
Post-Op erations Co mmunity $200,000/$600,000° In Perpetuity Beginning With the
Benefit Payment Closure Period

a. Two values are expressed. The first value is for the small facility. The second value is for the large facility.
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4. SENSITIVITY ANALYSIS

A sensitivity analysis was performed on the base case PLCC estimate by varying two different cost
components, the annual waste receipt period and the facility operation period. The greatest effect on the
unit disposal rates was in considering a longer annual receipt period.

The base case assumed that waste would be received for 3 months each year and that staffing would
be minimal at the facility for the remaining 9 months. In this sensitivity analysis, the annual receipt
period was changed to 6 months and 12 months with the following results, as depicted in Figure 3:

3 Months 6 Months 12 Months
Small Large Small Large Small Large
Total Cost $542M $1,021M $606M  $1,159M $733M  $1,434M
Cost/Cubic Foot $542 $340 $606 $386 $733 $478

In the case of the facility operation period, the base case assumed waste would be received at the
facility for 50 years. The sensitivity analysis shortened this period to 30 years, while still allowing for
disposal of decommissioning waste. Based on the Board s 1996 Disposal Plan® projections, the total
capacity for 30 years of operation was assumed to be about 0.75 million cubic feet for the small facility
and about 2.7 million cubic feet for the large facility. The average annual waste volumes increased from
20,000 to 25,000 cubic feet and from 60,000 to 90,000 cubic feet per year for the small and large
facilities, respectively. This caused all operations and closure costs, and some preoperation costs to
increase, (except environmental monitoring) in accordance with the 6/10 rule. The results are as
follows, as depicted in Figure 4:

50 Years 30 Years
Small Large Small Large
Total Cost $542M $1,021M $421M $874M
Cost/Cubic Foot $542 $340 $562 $324

Refer to the PLCC estimates in Appendix A for specific cost items.
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Figure 3. Effects of change in the annual waste receipt period.
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Figure 4. Effects of change in the operation period.
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5. SUMMARY

For scoping purposes, it is essential to focus on the relative cost®f options and those costs that
have demonstrative impact on total and unit costs. Typically, these big ticket items include three basic
design considerations: length of active facility operations, facility capacity, and the labor needed to
operate the site. Specific features of the facility to be built play an important role but generally do not
significantly affect cost. These three factors determine to a large extent the costs covered by the revenue
stream that must be raised viathe fee schedule.

This is illustrated in the sensitivity analyses performed on the small (1 million cubic foot capacity;
minimal decommissioning wastes) and large (3 million cubic feet; maximum decommissioning wastes)
facility sizes. When facility operations was decreased by 40% (from 50 years to 30 years), the Board
estimated that the total capacity would decrease by 25% (to 0.75 million cubic feet) at the small facility
and 10% (to 2.7 million cubic feet) at the large facility. This caused the total costs for the small and
large facilities to decrease by 22% ($121M) and 14% (147M), respectively. Because the total costs
decreased by approximately the same percentage as the volumes, the unit disposal rates remained
essentially constant for the small and large facilities with an increase of $20 (4%) and a decrease of $16
(5%), respectively.

By increasing the annual waste receipt period from 3 months to 12 months, the total costs for the
small and large facilities increased by 35% and 40%, respectively. In this case, however, the total
volume remained the same for both facilities and, therefore, the unit disposal cost also increased by 35%
and 40%, respectively.

In complex projects that extend over long time frames, it is common to have a fair degree of
uncertainty about many assumptions underlying the cost estimates. Howewer, the degree of uncertainty
decreases as the project unfolds and actual specifications and unit costs are determined.

This study only examined costs directly related to the development, operation, and closure of the
disposal facility. It did not examine a host of costs that are typically addedo those presented in this
report. These include liability funds, finance costs, compact/state/county/city taxes or surcharges,
business taxes, access fees, etc. In addition to a volume-based fee, historically facility operators have
collected surcharges based on waste characteristics such as weight, radioactivity, exposure rate, and
special handling. These additional costs and surcharges will typically have amuch greater impact on
total and unit costs than making nominal changes to the costs examined in this report.

The increase caused by the factors noted above will be offset somewhat by the time-value of the
money involved. While it is unclear what the exact impact these additional items will have on unit and
total costs, itis fairly clear that as long as the underlying assumptions and timing of costs remain
unchanged, they will not appreciably impact the relative costs of the options discussed in this report.
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Appendix A

Planning Life-Cycle Cost Estimate Summaries



Table A-1. Cost estimate summary for 1 shift, 3 months operation.

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
1.0 Preoperation
1.1  Land Acquisition 1,000 1,000
1.2 Project Management
1.2.1 Labor 4,491 4,491
1.2.2  Supplies 210 210
1.3  Site Selection/Characterization
1.3.1 Site Selection/Precharacterization 1,200 1,200
1.3.2 Public Involvement 5,000 5,000
1.3.3 Characterization 10,000 10,000
1.3.4 Litigation 1,123 1,123
1.3.5 Baseline Monitoring 1,693 1,693
1.4  Licensing/NEPA
1.4.1 Source Term 281 281
1.4.2 Analysis/Documentation 9,405 9,405
1.5 Engineering Design 5,052 5,052
1.6  Community Benefits 500 500
1.7  Contingency (Items 1.1 to 15) 9,864 9,864
(Subtotal Items 1.1 to 1.7) 49,819 49,819
1.8  Facility Construction
1.8.1 Administration 1,202 2,170
1.8.2 Front End/Receiving 1,542 2,978
1.8.3 Waste Packaging 1,885 3,836
1.8.4 Disposal Units 1,781 3,562
1.8.5 Site Development 5,384 9,343
1.8.6  Contractor Overhead Fee and Profit 3,538 6,567
1.9  Construction Management 3,066 5,691
1.10 Finance Charge 8,635 16,026
1.11 Contingency (Items 1.8 to 1.10) 6,758 12,543
(Subtotal Items 1.8 to 1.11) 33,791 62,716
Total Preoperation Costs 83,610 112,535
2.0 Operation
2.1 Annual Operation Costs
2.1.1 Vault Construction 962 2,885
2.1.2  Administration 417 816
2.1.3  Operations 369 879
2.1.4 Maintenance 84 196
2.1.5 Environmental Monitoring 220 220
2.1.6 Utilities/Materials 1,664 4,039
(Subtotal Items 2.1.1to 2.1.6) 3,716 9,035
2.2 Operator's Profit 1,115 2,711
2.3  Contingency (ltems 2.1 and 2.2) 1,208 2,936
2.4 Community Benefits 2,000 2,000
2.5  Post-Closure Community Benefit Investment 58 173
(Subtotal Annual Operation Costs Items 2.1 to 2.5) 8,097 16,855
Total 50-Year O peration Costs 404,850 842,750



Table A-1. (continued).

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
3.0 Closure

3.1  Cover Emplacement 539 1,197

3.2 Decontamination and Demolition
3.2.1 Administration 361 651
3.2.2 Front-End Receiving 771 1,489
3.2.3 Waste Packaging 943 1,918
3.3 Administration 4,170 8,160
3.4  Operations 92 220
3.5 Environmental Monitoring 1,100 1,100
3.6 Supplies/Utilities 596 1,689
3.7  Operator s Profit 2,572 4,927
3.8  Contingency (Items 3.1 to 3.7) 2,786 5,338
Total Closure Costs 13,930 26,689

4.0 Post-Closure

4.1  Environmental Monitoring 18,000 18,000
4.2  Site Remediation 6,000 6,000
4.3  Security 7,500 7,500
4.4  Contingency (Items 4.1 to 4.3) 7,875 7,875
Total Post-Closure Costs 39,375 39,375
TOTAL FACILITY COSTS (Items 1.0 to 4.0) 541,765 1,021,349
UNIT COSTS ($/cu ft) 542 340
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Table A-2. Cost estimate summary for 1 shift, 6 months operation.

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
1.0 Preoperation
1.1  Land Acquisition 1,000 1,000
1.2 Project Management
1.2.1 Labor 4,491 4,491
1.2.2  Supplies 210 210
1.3  Site Selection/Characterization
1.3.1 Site Selection/Precharacterization 1,200 1,200
1.3.2 Public Involvement 5,000 5,000
1.3.3 Characterization 10,000 10,000
1.3.4 Litigation 1,123 1,123
1.3.5 Baseline Monitoring 1,693 1,693
1.4  Licensing/NEPA
1.4.1 Source Term 281 281
1.4.2 Analysis/Documentation 9,405 9,405
1.5 Engineering Design 5,052 5,052
1.6  Community Benefits 500 500
1.7  Contingency (Items 1.1 to 15) 9,864 9,864
(Subtotal Items 1.1 to 1.7) 49,819 49,819
1.8  Facility Construction
1.8.1 Administration 1,202 2,170
1.8.2 Front End/Receiving 1,542 2,978
1.8.3 Waste Packaging 1,885 3,836
1.8.4 Disposal Units 1,781 3,562
1.8.5 Site Development 5,384 9,343
1.8.6  Contractor Overhead Fee and Profit 3,538 6,567
1.9  Construction Management 3,066 5,691
1.10 Finance Charge 8,635 16,026
1.11 Contingency (Items 1.8 to 1.10) 6,758 12,543
(Subtotal Items 1.8 to 1.11) 33,791 62,716
Total Preoperation Costs 83,610 112,535
2.0 Operation
2.1 Annual Operation Costs
2.1.1 Vault Construction 962 2,885
2.1.2  Administration 834 1,632
2.1.3  Operations 738 1,758
2.1.4 Maintenance 84 196
2.1.5 Environmental Monitoring 220 220
2.1.6 Utilities/Materials 1,664 4,039
(Subtotal Items 2.1.1to 2.1.6) 4,502 10,730
2.2 Operator's Profit 1,351 3,219
2.3  Contingency (ltems 2.1 and 2.2) 1,463 3,487
2.4 Community Benefits 2,000 2,000
2.5  Post-Closure Community Benefit Investment 58 173
(Subtotal Annual Operation Costs Items 2.1 to 2.5) 9,374 19,609
Total 50-Year O peration Costs 468,700 980,450



Table A-2. (continued).

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
3.0 Closure

3.1  Cover Emplacement 539 1,197

3.2 Decontamination and Demolition
3.2.1 Administration 361 651
3.2.2 Front-End Receiving 771 1,489
3.2.3 Waste Packaging 943 1,918
3.3 Administration 4,170 8,160
3.4  Operations 92 220
3.5 Environmental Monitoring 1,100 1,100
3.6 Supplies/Utilities 596 1,689
3.7  Operator s Profit 2,572 4,927
3.8  Contingency (Items 3.1 to 3.7) 2,786 5,338
Total Closure Costs 13,930 26,689

4.0 Post-Closure

4.1  Environmental Monitoring 18,000 18,000
4.2  Site Remediation 6,000 6,000
4.3  Security 7,500 7,500
4.4  Contingency (Items 4.1 to 4.3) 7,875 7,875
Total Post-Closure Costs 39,375 39,375
TOTAL FACILITY COSTS (Items 1.0 to 4.0) 605,615 1,159,049
UNIT COSTS ($/cu ft) 606 386
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Table A-3. Cost estimate summary for 1 shift, 12 months operation.

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
1.0 Preoperation
1.1  Land Acquisition 1,000 1,000
1.2 Project Management
1.2.1 Labor 4,491 4,491
1.2.2  Supplies 210 210
1.3  Site Selection/Characterization
1.3.1 Site Selection/Precharacterization 1,200 1,200
1.3.2 Public Involvement 5,000 5,000
1.3.3 Characterization 10,000 10,000
1.3.4 Litigation 1,123 1,123
1.3.5 Baseline Monitoring 1,693 1,693
1.4  Licensing/NEPA
1.4.1 Source Term 281 281
1.4.2 Analysis/Documentation 9,405 9,405
1.5 Engineering Design 5,052 5,052
1.6 Community Benefits 500 500
1.7  Contingency (Items 1.1 to 15) 9,864 9,864
(Subtotal Items 1.1 to 1.7) 49,819 49,819
1.8  Facility Construction
1.8.1 Administration 1,202 2,170
1.8.2 Front End/Receiving 1,542 2,978
1.8.3 Waste Packaging 1,885 3,836
1.8.4 Disposal Units 1,781 3,562
1.8.5 Site Development 5,384 9,343
1.8.6  Contractor Overhead Fee and Profit 3,538 6,567
1.9  Construction Management 3,066 5,691
1.10 Finance Charge 8,635 16,026
1.11 Contingency (Items 1.9 to 1.10) 6,758 12,543
(Subtotal Items 1.8 to 1.11) 33,791 62,716
Total Preoperation Costs 83,610 112,535
2.0 Operation
2.1 Annual Operation Costs
2.1.1 Vault Construction 962 2,885
2.1.2  Administration 1,668 3,264
2.1.3 Operations 1,476 3,516
2.1.4 Maintenance 84 196
2.1.5 Environmental Monitoring 220 220
2.1.6 Utilities/Materials 1,664 4,039
(Subtotal Items 2.1.1to 2.1.6) 6,074 14,120
2.2 Operator's Profit 1,822 4,236
2.3  Contingency (ltems 2.1 and 2.2) 1,974 4,589
2.4 Community Benefits 2,000 2,000
2.5  Post-Closure Community Benefit Investment 58 173
(Subtotal Annual Operation Costs Items 2.1 to 2.5) 11,928 25,118
Total 50-Year O peration Costs 596,400 1,255,900



Table A-3. (continued).

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
3.0 Closure

3.1  Cover Emplacement 539 1,197

3.2 Decontamination and Demolition
3.2.1 Administration 361 651
3.2.2 Front-End Receiving 771 1,489
3.2.3 Waste Packaging 943 1,918
3.3 Administration 4,170 8,160
3.4  Operations 92 220
3.5 Environmental Monitoring 1,100 1,100
3.6 Supplies/Utilities 596 1,689
3.7  Operator s Profit 2,572 4,927
3.8  Contingency (Items 3.1 to 3.7) 2,786 5,338
Total Closure Costs 13,930 26,689

4.0 Post-Closure

4.1  Environmental Monitoring 18,000 18,000
4.2  Site Remediation 6,000 6,000
4.3  Security 7,500 7,500
4.4  Contingency (Items 4.1 to 4.3) 7,875 7,875
Total Post-Closure Costs 39,375 39,375
TOTAL FACILITY COSTS (Items 1.0 to 4.0) 733,315 1,434,499
UNIT COSTS ($/cu ft) 733 478
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Table A-4. Cost estimate summary for 30 year operation.

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
1.0 Preoperation
1.1  Land Acquisition 1,000 1,000
1.2 Project Management
1.2.1 Labor 4,491 4,491
1.2.2  Supplies 210 210
1.3  Site Selection/Characterization
1.3.1 Site Selection/Precharacterization 1,200 1,200
1.3.2 Public Involvement 5,000 5,000
1.3.3 Characterization 10,000 10,000
1.3.4 Litigation 1,123 1,123
1.3.5 Baseline Monitoring 1,693 1,693
1.4  Licensing/NEPA
1.4.1 Source Term 281 281
1.4.2 Analysis/Documentation 9,405 9,405
1.5 Engineering Design 5,052 5,052
1.6  Community Benefits 500 500
1.7  Contingency (Items 1.1 to 15) 9,864 9,864
(Subtotal Items 1.1 to 1.7) 49,819 49,819
1.8  Facility Construction
1.8.1 Administration 1,374 2,675
1.8.2 Front End/Receiving 1,761 3,003
1.8.3 Waste Packaging 2,154 3,836
1.8.4 Disposal Units 1,781 5,343
1.8.5 Site Development 6,152 10,081
1.8.6  Contractor Overhead Fee and Profit 3,967 7,481
1.9  Construction Management 3,438 6,484
1.10 Finance Charge 9,681 18,258
1.11 Contingency (Items 1.8 to 1.10) 7,577 14,290
(Subtotal Items 1.8 to 1.11) 37,885 71,451
Total Preoperation Costs 87,704 121,270
2.0 Operation
2.1 Annual Operation Costs
2.1.1 Vault Construction 1,204 4,331
2.1.2  Administration 477 903
2.1.3  Operations 423 1,251
2.1.4 Maintenance 95 324
2.1.5 Environmental Monitoring 220 220
2.1.6 Utilities/Materials 1,956 5,388
(Subtotal Items 2.1.1to 2.1.6) 4,375 12,417
2.2 Operator's Profit 1,313 3,725
2.3  Contingency (ltems 2.1 and 2.2) 1,422 4,036
2.4 Community Benefits 2,000 2,000
2.5  Post-Closure Community Benefit Investment 172 618
(Subtotal Annual Operation Costs Items 2.1 to 2.5) 9,282 22,796
Total 30-Year Operation Costs 278,460 683,880



Table A-4. (continued).

Small Large
PLCC Estimates for 2 Sizes of Disposal Facilities (x $1,000) (x $1,000)
3.0 Closure

3.1  Cover Emplacement 615 1,835

3.2 Decontamination and Demolition
3.2.1 Administration 412 803
3.2.2 Front-End Receiving 881 1,502
3.2.3 Waste Packaging 1,077 1,918
3.3 Administration 4,770 9,030
3.4  Operations 106 313
3.5 Environmental Monitoring 1,100 1,100
3.6 Supplies/Utilities 682 1,878
3.7  Operator s Profit 2,893 5,514
3.8 Contingency (Items 3.1 to 3.7) 3,134 5,973
Total Closure Costs 15,670 29,866

4.0 Post-Closure

4.1  Environmental Monitoring 18,000 18,000
4.2  Site Remediation 6,000 6,000
4.3  Security 7,500 7,500
4.4  Contingency (Items 4.1 to 4.3) 7,875 7,875
Total Post-Closure Costs 39,375 39,375
TOTAL FACILITY COSTS (Items 1.0 to 4.0) 421,209 874,391
UNIT COSTS ($/cu ft) 562 324
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